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(54) POLISHING LIQUID FOR COPPER METAL AND PRODUCTION OF SEMICONDUCTOR 
DEVICE 

(57)Abstract: 

PURPOSE: To develop a polishing liquid which is largely 
different in etching rate at the time of immersion into 
the liquid and at the time of a polishing treatment by 
using an aq. soln. having a specific org. acid, oxidizing 
agent and polishing abrasive grains as the polishing liquid 
for copper metals. 

CONSTITUTION: The surface of a turn table 1 is coated 
with a polishing pad 2 made of cloth and an Si substrate 
6 is supported thereon by a substrate holder 5 in such a 
manner that the surface to be polished thereof faces the 
pad 2. A semiconductor is then produced by using a 
polishing device composed of a revolving and supporting 
shaft mounted at the holder. At this time, the water- 
soluble polishing liquid 7 which contains 0.01 to 10wt.% at 
least one kind of org. acid selected between an amino 
acetic acid and amide sulfuric acid, contains an oxide, 
such as H202 at >20 parts per 1 part org. acid, contains 
1 to 14wt.% polishing abrasive grains having an average 
grain size of 0.02 to 0.1 jum and is adjusted to pH value of 
9 to 14 by an alkali is dropped onto the surface of a copper film 12 having ruggedness on the si 
substrate 1 1 from a supply pipe 3 to immerse the substrate 6. The oxides 13 in the projecting 
parts exclusive of the groove parts are polished away by rotating a supporting shaft 4 while 
pressing down the shaft, by which a wiring board consisting of the copper film 12 is formed. 
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[»*«3] W8a*r«K«, ^IBSFS*K*^0. 0 1 
-10li°/o«it^SJiXs **oi»E*«M*iS(HEIfc 

[tS#gC6] ffiiaaFtf&ttfL lWrE8F*«tKl-'l 
ttlE»«it5/4fcttBBP»**tfiWEI6l»ll)l±*c«|4 

[«#>S8] flflECu^fcte, Cu-Si^, Cu 
-Al^i, Cu-S i-Al.-&44fcliCu-Ag$ 

[M*«9] 'tftEWMM&Stt. W^-7KTfW: 

■fttWfttSfat, J»E**#*tt«:Tffifc«» 
L> H^SIfifcmrEWIg^y KfcffffilTEMBiSFiirSaS 
y t £{f x fc jK ]) is /^Sfi& m t ^Xfft>ii 6 - 

o] «rE«F««ka^ttjS«tm*i, »e*y 

9 E*fe(7)^*ft:KBoMS*So 

^ y K K m% * * flfTE5F«« (0 p H ^{b K S<5^ T ft 
t *»»t"^^a*Ji9E*!c<7)^*tt:36ig<7)«i 



(2) ^P^¥ 7 - 2 3 3 4 8 5 

[SM13] ^***te±o|ft»)8ticiaj|»Jl(o?Ktt 

a ^ t sml^j 1 7K t * $ w-r £ ©f eas * ffl ^ x m 

^ fflEEitftlit^tpWEIftaiRSSfcSff^J/^**^^ 
fell, S 6«c*7 y»*»jST-*0fa-r5Xgi:S:*fll 

'[»*^ 1 4 ] UttEC u#&fi, Cu-S i c 
u-Al'&&. Cu~S i — A 1 □^JfcllCu - Ag 

5] »F»'<:y KT-Sfrftfc*-^-:/^ 
WE^-^'K^WlB^s/ KfcffiEffl««Sr0M&"f S 
¥Si* ffiE¥*<*StE&TE{c»j*u iWESffiSriltr 

[gf*3gl 6] ffiEW«teS<0»£*ttNi. S5E^^ 

7] WEW««!!a^»jSttffltts tiisii 
^ [a*5i8i WEeFiBteso^ftiatt, WEwe 

^ y K (c »^ $ ft 5 tu E6?F^« (DpHMl:S^^T* 
*ft6ri4r«r»t+S«l*3Sl 5 Eicoo^#f*^B^ 

[8»*35l9] ttEftft^^^****!. t^yiS 
^0. l-25ppmtfc$; t &^t»ir-T6»*35l 

3E«<o**ft36«<o»it*fto 

0. 0 5-2 0%t*5: + 61**^1 3E 

40 [%W<F>i$mtei&W] 
[ 0 0 0 1 ] 

[0 0 0 2 ] 

[tS^^SW] J. Electrochem. So 
c. , VoL. 138. Noll, 3460 (199 
1) N VMIC Conference, ISMIC- 
101/92/0156 (1992) ifcliVMIC 
Conference, I SM I C- 1 0 2/9 3/0 
50 2 0 5 ( 1 9 9 3) (-(1, 7; ^ o -f ^/Uv' li # <D 



3 

V —$.tzi$K 3 Fe (CN) 6 x K4 (CN) 6 , 
Co (NO3 ) 2 j& s «*D$ftfc*5 D -^645C u fig 

[0 0 0 3 ] L^Lfr^<b, MfBSFlS*K*ia»i*tW« 

aSffE*ft«M±^CuJBI**aL, llffECuffl!*W««S: 
f^^IigC^^T, iftfE*l*)<7)C ulfi^Jf te^flg 

3: 7 ^ > ^ a a ( c m & % 1 * m m l <o w «*u * & m 
fy^sn^o «na«rt<ocuB*Wi^atB 

ftbiiSo £fc> Jgj«£ixfc£fc&*CuE»BH;, *6 

»Bi^*ffitffi-^a«>a4ixfccuiBi»B^it^Tig 

[0 0 0 4] 

(cu) *tL&m&& (cu^^) tos»i*^*5^T«tr 

ECu^»^ty*:^i!:1\ a>offilg&JlB#(cii(rE 

m xm% 4 ^ um+f^o^ y ^ ^ ym&^z * & 

[0 0 0 5] *»W<OBU<OBWtt, ¥*f*£ffi±tf>*6» 
flilif»^J:t>V4 3t(iWPffl5Sr?g*L, iW E il& SS HS ± I c 
iftSSftfc^ (Cu) (Cu£&) 

[0 0 0 6] fcKB'J^Bttfi, ¥*ftS1E± 

l»±^*a$nfcC u*fcfiCu^&^ib>t5EilftttW 

&^EiSB£^i-"6 $ bi^y^y* 

[0 0 0 7] 
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IMbB&»««twBft*LTBfflLfcC uSfcfiC u-&£ 
c u ^ ft ^Fi jfc ( c S ft $ X i/ ^<5 b# ( % ifi is s^Yt: /f I c J: 

^j:5^y^^^^iitf-r5o -toss, mmmtmm 

[ 0 0 0 8 ] mrEffitfb3J£ LTIt W^tfiSBHb** 
70 (H 2 0 2 ) , &«fi*»y-^ (Na C 1 O) 

lfflE8F»ffifi, «fE*r«»a s 0. 0 

i-ioir/ottt, ^ofis»i^-cwfE*r«»i k 

^LT(tuES$fb#j£ 2 oaiicta: fc ut\ .z 

cox 0 i^m^co^mm^^m^x^mmtwtit 

M^^^tt^iM^Lfccoa, *w<t^4ifilcJ:5t 
[0 0 0 9 ] *(lfEt»»^tl«:0. 0 11t%*» 

20 15. «rfE*»K©^#i[*s 1 0S*%SriBx.5i:BF»» 
ft(i s 0. 0i^lii%tfc5, 

[0010] mmm^x^mmi ^tti«j^ 2 0 

[0011] «rfE*«ttn»-rsMEtt<t;ffJw±Htt* 

lis itfb??]^***^*^"*"*- 1 * s a* l< , Mx. 

ff«rE*^#JO-***S: 3 0fi%i:t5:Hijf* t 
[0 0 12] **3, SrTE*ttl»^^Wl:SrHrrE*BlfflrtO 

rue (0. oiii%) ©j^i-^>»^^«, mwHm 

[0 0 1 3] *3SP^JC«^-55F«*K«^ mJE^mK&J; 

tf^kSJtotei- p H^r 9 - 1 4 (rawsi-sr/b* y ^J4: 

[0014] «IE#*tt*5J: 



5 

[ 0 0 1 5 ] fftJi£5ffEl5£Sfi, 0. 0 2 — 0. lnm<D 
-1 4ll%j6iD^i6C fc Ll\, ftuEW^5g« 

Sto^^^lC/^, -77, ifflEffl«®fitf)«SaDI: 

[0 0 16] *^B^{c«fc>Sffl^^«ffl9FS«!^J: 9 #'J 

K 2 (?) ± * f c ± t n i ffi -ea > o 0 g s k ia g $ ^ r v ^ 
6, c<DJ: ^^SW-*3^T, mrE^A-^5 

l:J:!)Sft6^^^gFSI (WAtfCuB) ^ME^y 
K2fz:S*[6j"*-SJ:5*-f*«L, HrEttJ&l 6 3 a»$>fl»3ffi L 
f:MMS$7^Ml/i^P), tfrE£*MA4t-«fc 9 

ZiMcKtt^iPjKHfiS-frS^ tic J; !) HftE£tE±<0C 
[0017] £Jt±ttW Lfc*»WK«fc>£SISfeKfflffl 

< fc t ia^*«»tii{t#jt*t«:^*r-r5fc», c 

y^V^T (jff* L< fi 1 0 0 nm/m i n £XT<D*. 
[0 0 18] -rftto*>, «fE8f*«<o-ii!ldtfcSti 

Cu (H 2 O) 4 2+ +2H 2 NCH 2 COOH^Cu 
(H 2 NCH 2 COOH) 2 + 4H 2 O + 2 H + 

t\, w^J: 5<cKJS5fiJ-*3^x, Btfb#J (0H;ttf:i@SHL 
[0019] 1112(1. r ^ y g^s^ v i§S^fb7k^^o «t t>*?K 

T±Mi^p p p* ; SUB A 8 0 0frbt£hWm;<y 
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6 

^U&Mm^y F2l:4 0 0 g/cm 2 (DtoMZ 5- z.. 

l 0 0 r pm^lS^S^I:K#*IPllwlHl6S*4^ 
f), il«^«f 3/5^12. 5m 1 T-fllr 

[0 0 2 0] B2ji^Wt)^4J:5 CCuIiDifMi: 

fcibfr&o ztut* wmm^^m^Kmicx 9 c u ^ 

j*LtCu^5'fy^iSh5fcii)ffc5o t /c, iftE 
iglt{b**.^W*«r 3? -T* fc CuliOi ^ 

y^'IS^K ft 9 , iSK^TKife^**^ 5 Sfi%d 
ft 5 i * y f y ^**#f i:4S : i: :ix 
fi, iSIWt**^*a:S:#<i-5i:CulBl©*ffi(cW 

^ [ 0 0 2 1 ] @3(7) (A) ^^-t- i 5 CSS 1 1 

m ic3^raa»-rsi:, m3<z) (b) {c^-rxo^c 

ugl2SIl:»jbll3^^5 9 ftjEW 

**Sic«rE*tE*«aiufcS, cuitffi^xps (x- 

ray photoelectron spectroscopy) X"5frVT~$~ & k * El 4 

£j*£ftT^5£ia s *»S;ft,fco ftfc\ B4<0 < S»tt 

[0022] mi (c^-r^Ky *»ymmtex.WT i y& 

»0. 111%, iBtt^SRl 3Ii%mt5M 
«Srffl^T«rabfcW«toaS:ff 5 H2i:»tJ:5 

(b) {z^-tmitmi 3^tii:i*snfccuii 2 

MiSi^CuiSI^XP ST^fftSi, E3 4(7D- 
5^ [0 0 2 3] ^fc, B5li7;yft|, ig^lb?};^^ J: 



(5) 

T 

m<o mm ± s ^ t c ui©s»noiyf^ 

(O-Cfooo' ft&\ fflfg&SflEI l y^^li 

b m h frt* ± 5 c u fli^ 0$ tc jo ^ x , aiwb** 

5 L >-^5gs^s< ft 0, i8»fb**^*r*jWfo i 8 a 
^fi, a»{b**<o-*iri:Sr*<"r*tcuiioa[B 

8 5 nm/57^3gtCuW/f y i/i/?$ix. tiffin 

o^jt; y BBE-tia»{b**©^*tb**sfi*»J^-e 
0nm/»ift5, U:^ot, r ^ J: 5 KiMfcfbTk* 

t cofflT-+^ft^ y fc 5 £ t # 

Tr£ S 0 

[0 0 2 4 ] H6J±*r**-C*)^r ^ KBt*, Jfl 

i&mt7km&£zf7kfrbte&mmmz&\,^xT* k % it 
**ft«<b**fci*<oa«±^rt«*nfccuM©«ai 

E$<^y ^>-^aff*3 iV5F*«!!ai«F^/-Ky yy^is 

Sr^.n s, h Lfcfctf>"c*>5o ftib\ wig^a^ia 1 i-^ 
9-ffofc 0 i6^6^y^j; 9 ^iasc{b***as*pu 

fi#ft^*s, iBI6<b**Sr^*£#£tf 5 i CuBttfA 

flW«<*!K ilR{b**off#l:3js«& 2 2fi*%JW± 
(dftS txyfy^M^ 5 0 nm/S(;/^:^^ 

a>*o :iui a»fb*3ii^*r**#<-r5tcuBi 
*3i^r, iBKlbTk*^ 3 oa*%**r-f4t><o, o^<9 



W7 - 2 3 3 4 8 5 

S 

&9 5 0 nm/^lST'C ufll^^U i/^^Jix, g 

#f~*# < tit So 
10 0 2 5] Lfc^ot, *»IJIJfc«fc5W«ffif±C u 

» if ^ s/ ?- y ^oian t wm&f t <om 

«f^Srl««^fT5 £ So mrfE^y^^^ 
S«f£<t 5«TE*S±WC ulKwW««)<*Taf-*5V^ 

a»{b**^J: 5 c uKt*<bJi* s *rt*n*fc«>, w 

««f31«^*3^Tt C u«t^$ bt^^v^SixS. 

!3tD (C) C^ti^CM^ft^Cui 
l 2 fi W fg I S lc *5 r jl'J M A > 6 ^ ^ > ' ^ ^ ft S 

[0 0 2 6 ] *»WJ-«fc59F*«tw*3^T, 7KS£fb# 

lllf:^ CuifcttCu^4^«ffiJ-WlEW««t-*t 
Itxyfy^D Ttt<o«ttfc*{bJl*^*T-^ So 
iAc, Cu4fettCu-&&^*BB^±rilSix5l«bS^ 
ff£*SB*Pi-* £ ir^T^So H7I1 MilfT;/^ 
S&0. 911%, il§^{b7K^l 2li%^^ 7KSfe^b 
# y ^i^^^AD It pHH. 5-11 (ci^gpb/cWIg 

Bt*Bi-±**^fcKfbii^»sacfbft^i-4*ttiarfc 

So :^)|7 d^-f ± 5i:pH*SR< ftSf-ftoTC u 

a*ffijc±disixaiMbJi^i!cs*sff< ftSo 

[ 0 0 2 7 ] C t7) J: 9 ft p H£ 9 - 1 4 {CpTSS £ ilfcffi 

*«ttx CuifcliCu^OHWI^yfy^!) 

V f^gg^ «t 9 ft^^S$^^^4$:A^ < LT^Cu^Ac 
JiC u ^^^fll^f^^tc u ^SrRfJf^y^v^* 

t* s "C#5o Lfc^oT, T/u^7 ySJ*»flPLft^»'& 

§<-r-5£t* s T*#. 8*Bl:iiCu4tiiCu^ft«) 
BFBJOfffiWWSrfili-rSC t^-e^So- 
lo 0 2 8] *»wt-«to*8Faf«^*3t^x, 

tt^*»ip<73wafaEtctt-<Tc u ^^*ic u#&^9F* 

B#<OiKy ^^^a*4r|p)±-C$ So WtH TS;B8 
0 . 1 Sfi%; ^^{b7K^ 1 3 S4%S:^*-rS7k®a$ 



(e) 



CWti3 0 nm^i/y ^U^F. W6S7 4 0 nm 
COT /US tfit, 1 3 0 0 n m<7}@£ft:1r y £ 

e^iSjll^spiSUSa 1 1 0 0 n m^y/^^retH 
ft^Vbffi 9 fi*%ft*D ItiiS^lllt Cfrbtf) 
8F**RSrH 1 £*W-#y v'^SSH&ffl^T ffii* t 

*s*SiDS4i>Sci^r s y ttBfco. i if %, iS^b7k^ i 

[0 0 2 9] 



% ti o> m m 






( ii m/m i n) 




3 5. 3 




9 8. 5 




3 1. 1 




2 2. 1 




1 0. 0 



[0 0 3 0 ] tfifS* l frhmhfrteX. 5 icWSiSttdsSS 

tcu m<D mmm * tifijitjs^i^s, * 
[0031] tfc, mriE'Vy ^tt^*5«ttj«r/us^fi[^- 
tei^i^ixfcs i o 2 1, S i 3 N 4 RfciWoy 

9, TJf60J(fe»Bt<DIR»9S:»*J-C*6o 
[ 0 0 3 2 ] 
[«2] 





*&»R04fUv>riaS (nm/min) 


Si0 2 K 




BPSGH 




1 (35.3) 


0.4 (88,3) 


4. 7 (7. 5) 




7.7 (12.8) 


3.5 (28.1) 


41.2 a 39) 



10 



20- 



30 



40 



[0033] xn+ni: b 4w«isttdsas 50 
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[0 0 3 4 ] Lfc#oT., ->y %%l^<d J: 3 45F««tt 
tb^rc u sfcfic u y v'y/asftifiji-cs 

[0 0 3 5 ] fc*J, ti**7 5 K*&T% i/VX&'r 

[ 0 0 3 6 ] *»MK«to5*»#K«©»3t*«fett. 
fcfiMPSfB*^tftt!E)lfti»l«±(i:c u*fc»4C u££*> 

r s K«tt^p)atfix5^>*< 1 1 1 

[0037] ffirEttftiR^ itit Wx.fi-> y >mit 

tufcv-y 3^1^)211, #D^asip^?^i» (b 
pscei) , yyftw?^! (psgd **ffli^s 

[0 0 3 8] MEC u£-££ ITU, Miff C u - S i 
Cu-Al^l Cu-Si-Al^i Cu- 
Ag^ft«iffl^5Ci:^t$5o MECuifcliCu 

[ 0 0 3 9 ] ffitzwm*&tp<7>^mM<o<a#m, ^xu^ 

«t 0 teT/uz y ^J,t LT(1> 0»;ttf*»{fc;# y ^ 
y y >-^SfifrfcSo 

[0 0 4 0] HtJlEW^«ii, StfEfi-fllK^JiU 5 *^^ 
[0 0 4 1 ] SftEWlB*^«t5W*ft!fSltt, W^ffWiE 



(T) 

11 

?: 2 0 0- 2 0 0 0 g/cm 2 t 

"CI*. fiuEflQfi& 1 5 0-1 0 0 0 g/cm 2 Cf ^: 

[0042] ★ftWfwfi^fes^an^asjB^KaS^*?^ y£ 

m E ft *3 «t Xf/ S fc fi P a £ a ifr IS *6 j% II ^ Mf& ~t 

[0 0 4 3 ] WE'* y TJlii. 0jx_l£T i N x T i s N 
b, W^fcfiC u T a S&frbteZo Z(D l JT 20 

i ic^-r^y c/>^^S(7)fiis^-y/K^@$s h^^(7) 

[0 0 4 4] W±ttWUt#»Wtwffito5^*flc811«) 

**5J:W/4fc^MPSBSr?gdiL, fltrE* & «fctf/*fc 
ttBBPSPSr*tfifEil6aBI±tcc u^tllC u 

*t S WSffiis J: ^!(xLtfWx6LybBI 1 (-^"f" 

T^y ^^^K«4ffl^TffiEBa*W^lffi*WE*fe»IKco ■ ^ 
Sffi^KWi-**-CBF«i-5o iftESFSiKfi;. gE^Lfc 
«t 5 £C ul^fciic u^ifeBS^SiB^^io^-ctirEC 

M&^-f 0 WE5F*xat-*5^x«(rEEi»» 

ffl E *fe!i HI <^ * *3 J: r>V * 
fcliBP«i:c u *fcfic u£&*>5>ft5ffifc&^ei» 
SSrH(rE*6iS^ffitffi-ic^-c-f e 0 Sfc* 
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#\ flaEBBj»«^Btti^ffi^^K{bS^^$n^^:«) 

[0045] *»ft;# y <fc 5 ttTfru y *j 

<7)i;£^< It k^y^s/^XSIftOflTEEftJitf)^ 

[0 0 4 6 ] v'^g^^i^^IM^i 

S*ST*#5o L*»fc, flflE^s^^s/^XglciS^TE 
iS 1/ ^ 4^ & i H(rEtfi«IK^«fc J: t>V * 7t 

[0 0 4 7] *38MJ-«to58'J^**ft:iS11(0»iS*ffi 

**ftate±w*6aiKtcEi»s^^«^*iSi-s» 

*3J:u«/4fcttBBPS»*?g*-r4xai:, fltfEStfeJ:^ 
/*/cfi^p^*^tftfrE*6iSIIS±^»^^*i»^^^ 
e)**ffij»»»lBt*^afraxst, r^yfttti3«tv 

n 1 7K t & $ W -T 5 8FS?£ * ffl ^ X WEEi»tt-3|sHBt *: tu 

E*6i»i«^Sffii5 J «Uii-5 * -efflHtea-t-s - t fw <t 9 

WEEilftJiSr^tfmEifilftBISffiSrSff^^ 
V7KS«"C4!!f3®L N $ 6fc#7s/»7Ki$fS-C«!fai"5X 

[0048] mmmrnt lxu, vi^a^y 

PSGI) , V ismutfyxm (PSGi) tBESr.fflt>5 

[0 0 4 9] MEC u^^:<h HttfCu-S i 

C u - A 1 C u - S i - A 1 C u ~ 

Ag^4?tffl^5:i^tJ5, ilECuifciiCu 

[0 0 5 0] SJSEBFSSf^^iS^fi^J:^^ 

HflE^tttK^^OfK^J^te^pH 4:9-1 4iC 
■tB-rsr/v* y^lSr^Wi-^Ci&FF^-r^o C^J: 



(S) 

13 

[ 0 0 5 1] flff!SW«*Rtt^ SfHE#»SE*3j:WK{tffl05 

c ix h v> mmm n <z> & x xtmu s n ifift u fc m 

[ 0 0 5 2 ] flulE9FS^(cJ:6gFJg^3Sii, StriEbfcBI 
l tc^i-#y •>^^iS«4:fflv^Tfrfcn5 0 0 l l-^-f 
>-Ky i^^fi&ffl^fcffiigtoSK&^X, gffi/Jwu^ 

^Jioi^^bftSifi^towSifi-cttffliEaDfi* 200 
-2 0 0 0 g /cm 2 t:t5: fc##* Li/\ Jf)i:y 
y $%l+<d X o ftW*S«Sft**tr*aj*^WSf«"C«^ mf 
EflDfi£ 1 5 0- 1 0 0 0 g/cm 2 Mi" -5 Cfc £ 

[0 0 5 3 ] *38IHK«to59J^*«*««^»itlwi3 
^X, StrlE^fratEi^WJHfltfcitF/ttttBBPlfB 

yrisr^tsrtiffFSts, zcox?te;<v rm 20 
t^ciCtot, Cu<o«t9<ciB*«-lsflBtto*ifl|^ = 
Ji*»j«i--5cfc^^rilBfcftS 0 E#*m-c 

[ 0 0 5 4 ] ffJE^ y TJifi, Wx.fi T i N, T i x N 
b, W^:liCuTa^6 45, ^^^54^97 
Jlfi, 1 5-5 0 nm^Jf^ttS: fc ##J£ LV\ 

m%£ix%mmmmm<Dpumk, t-s-^xaaEW* 
o i (c^-t-zKy v/^^^g(o^./u^^iHife v^p<omt 

[ 0 0 5 5 ] «rE»s^-y^**«'tt, ^ 
y f ^7K^*<^^*y 0 . 1 p p m*flS{^-f-$ fc Str 

Lfc9^£;ifcri s fflJ«K#6o J: ^ »4 L^flfiE^ff^- 
[0 0 5 6 ] fflE* 7 y 
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-^s fflE#7 ^/B47K^?S^>7 ySfci*** 5 2 0%£S;i 

SHblRS: t £ ftfcBSJ* t> U S * 5«- 

J: 9 #£ Li^ffiE*^ yR*S*«)7 yftHSllo. 1 

[0 0 5 7 ] KilftMLfc^W^WtoaBU^aiftiS 

**6fcSEilMtWK**i8IU SfcCTSyftlfcteitf 
75 K*«*»6«tfft5d>*< t ll^f«Ki8<b 
#J fc 7K fc £ -a # "T 5 W & ! « *5 «fc M £ tf ml ft L fc Sli: 

i^B*s«ttit5i-ci*ta 0 mei«*it aft 

LAcJ; 9t-CuBISfcttC u-&A«<OjKar^^*5^XW 
ECuRJfcliCu^«S:»ifiyfy^f, £>o 
if fc ^FIgB# fc <D K x»f& 4 ^ L^+fg m ^ > ^ 
5tS^Sr^-r 0 *^>*£*x ffiEWJBlHfcis^XtflEE 
^WWlfi^^SE^bNI^^y yy^^i^), ^fc>* 
■5 1 y j/ ^ *s & ^ tti t ft , ffiEttttR^«« J: t>' 
/4fcttBBPfiB(cC u*tfiC u^e)45ifta* 
Ei»H4:«[E*6»IKSffifcffi— (c?ej*T#So ^ 
y 3/ ^ xs» wfltTEEi»)i'«ifflE9F«« fc Sftt $ ix 

[0 0 5 8] ^ibic, SuE^y^^y ^Xg^tcMISgfi 
WJit^tfttEiteaiKXffift**^^^***^^^ 
SltCi!) »E»6»Bl±f-»« Lfc«lllftEI»»», 
o* 9 C u*t«C u^&S:*{b*lcaei*Lfc«9^ 
«*o^Sfe«BKS:*{b5J:W-rsc fc^X#^o ^^J:^ 

4*#^y^*«jKx^tea»«c*7yit*«*xte3i 
t^ctiaot, ffiEift»«±fcCu*fcttCu£ft 

[0 0 5 9] L/c^oX, Siffigoaftii^E^eS:* 

ffi^w«»^«eEi»ww^^$^fc»^*affiS:*- 
[0060] *fc; fcmtx y ^©i5 47/^ y^i 

J: 9 ©F^ffi^ pH^9-l 4 (C^gn^f ^ C fc \C X o 
X, ffii28f*«i:^t*ix67 5 y ft»«)«t 

<Dm&&< 1 1 1 x y f a y ^ ias^)iiEEi»i^x 

S^tt^^^5: tciot, lrEEj»W»BS^2K 
y ^v^SKSriBftSr fcds-C*. tejftWJcfiaiy^^ 

[0061] ^ e> t-. v^y ^^L^<o x o ^^FSfis^^^ 
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[ 0 0 6 2 ] 

HffiW l 

EI8(7D (A) C^fi^CilCi/Tl^py- 

±l:CVDSia 9 HPfl*6Siliifc LT^)M^tfJ¥$ 1 0 
00nm^SiO 2 l2 2S:*68ILtgL WIES i 0 2 

nrnzm-tzmz 500 nmoip?^ 3 srjgjai,. 

to o<5^T, 0 8£> (B) {C^i-J; 5 l-«rlE*2 3 S: 
^^BtJlSS i 0 2 «2 2±fc*/«y*SS*l::J: 5ff $ 1 
5 nmt^T i Nfrbt£&'<}) Tjf 2 4 $3 X. VfW £ 6 0 0 
nmCOC ufl|2 5 * C tf)l<gf? T-*i« L t e 

[0063] &^t\ striEutia i f-^-r^y 
m^mm^^y s^msco (b) c^tiS2i^sj 

K LTf*«r U mlfE^^y 5 (7)5:^$* 4 K <fc 9 mfE-SK 
^ ^->^r-y^ 1 ±(7)o -x/U • - y 9t±mMgu& ; 
SUB A 8 0 Ot^h^^mm^y K2C3 0 0 g/cm 

Sr^ft^Mi l 0 0 p p m©jSS-e2lMrS*|-^lR]^le]e 
WSJRSrW^ 2.0 m 1 /^coiiS 

TMKrEBF*'** K2fc{Jt*&L-CME*«2 1 fc*ifltLt 
Cul25ioJ;OV^7l24 SrmlES i0 2 !2 2(D 
*ffi#Rtti"t**"CffllBLt Q mlfS^S^tL 
t7;;Sf»0.1If%, iSK^7k*13. 0fifi% 

ft**** 1 3 0Tfc<5t>£>£ffl^t o WE5F*XSJC*5 

H8tD (B) l:^ti0i^Cui2 SfiiirrEflFJt^s/ K 

^gx^Ay^^/^iU:, *<D»*. 0 8^ (C) 

3 tflftSBflt 2 3rt<0^^/<y 712 4*Sft#-f 
5 «rfE/<y 712 4-C«^tffifE*2 3^mJ 

!ES i 0 2 8t2 2iltg-^I^^C uSfii^Jl 2 6 
*s?gfiKSiLto St. ffJlE*°y ^^^aSS^/h/uy 5 

— ^./u 1 ioJ:^*^-/ Sco^g^^it Lt&tr&^T, 
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[0 0 6 4 ] it, «4ifcBi<o*!l v-vy^gtci: 
5*y->y^iS (x^^^ii) i:*5^t»i^ 

mt^m^Ltz 0 5FS^^(:^tQlS^^ p H'£fb& 

H^i^tiS, MA*fADfiBH*ft!S8^Pinaii8Lt^, 
^> y**,£<t Lt 0 Z<D£ 5ft»,£ftttifc J: *J m 

76> 3/ ? SPfliRSti - £ (CctoT, huE S i 0 2 

m 2 2 60*2 3 f-SfriES i 0 2 112 2SItI-41«) 

to 

[0 0 6 5 ] fc*3, iaSLfcB 1 <0#y '»^t(-J: 

Lto W«0*ra^^t-r5MfE^F^^ o y K^MS^fb«rH 
10 1:, OFK^PfltcSt-raffirffiKKi^-^^SEaE^S: 

a^^x^fy^fi^t^ mii^fb^^-ru i it; 
& ^ r , a p a th \K m < c * - > ^ - ^ nz ®j -=& - * <d 

e 0 :(OtE^l#tW^^y^^i Lt 0 ^ 
ttlftjftttai^J: 5 3ty^^y^«FP*SrBa5Ei"*C 
£ i:i;oX ; ffij£LtW»Jfceo p Hlt^I^M^li^ 
HtJfSS i 0 2 BS2 2(7)ffi2 3 ^tfrlES i 0 2 fll2 2lffi 

ts-^a^j^^c u$mm 2 6 ^saftj; < m&-tz> 
[0066] se>t-, WE««>ii*ia*iJi^>»**^a 

JKSrtf-y^jfcS 0 . 0 0 1 %^jg#^-/>7Xi$*^ 3 ^> 

9 oMflftSfUTteaufco Hi2tt, xpsx 

40 1 2*^W6^^J: , 9l-iai!JKjaa^)SS4:j6#^> / '^ 
J: 9 ^IBH^fiKitftT-Eejiit^JRC u 0«#tt*< 4 

h/uco J; 5 (-ffjE^?¥^-^>'7Ki £ gffi^^^l"^E6^ 
tC u OV>m j %fcte< 49, 3WC u^C uIB^g^ffit^ 
KtH L. t C £^^^€>, ^toj: 3 >'7KjS«T 
mm-fZZ £(cJ:oT> S i 0 2 12 2 *f<7?*Ef-«9 
Ltr ^ yBSt^i 5<c*«»Sr^WCffcS£*f-. «r 

5^ iSS iOo 12 2 C^fl/cCu $:K^t;fei-^*X-# 
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m& XTfC u <0#tit*bfc* C<D'&<D$r7 yR7jtjSiK<Q*& 

S£ fcj&s*e#5 0 -t<ott* % S i0 2 §2 2(7)SI^iS 
r#^T-£. S 5> Id c u IBiUS 2 6*ffi^«CuSrBffii- 

[0 0 6 7 ] LfcASot, Sll6«ll-i:iitfWES i O 

«>&^C ugfiSH 2 6 SrfTlSS i0 2 12 2SI«- 7<9 

uueriH-sc: t^x'#, ems 2 6<a?g]*f££>stt2 1 
M^ftnt{aox, s io 2 i2 2ii(7)^ 

[0 0 6 8 ] *^b\ ffiE*16« 1 M^Xfpi LT 
7^ KBiO. 8 6li%, iSKffc;*** 3 011%, 20 

0. 0 9 /im^ll *t&*8l[*%*'&tr«7k 
/i^^St^Srffl^fctd^ HJ6011 il^tii, Jlffltt 
iS i 0 2 fll^ff rt^S«)ii*Ejl6WS:a(rEilft»S i O 

[0069] mmm 2 

1 iCCVDSCJ; 9 WI*_tfJ5$ 8 0 0 nmoOS i 0 2 
II 2 2 *3 X V^m * 2 0 0 nm(DS i 3 N 4 127^C« 

4 II 2 7 io J: tfME S i O 2 II 2 2 iC 7 * V ^ y * > ? 
affile J; 9SB»«l-ft^-t-5?g«**-r5iSgS 5 0 0 n 
mcD|I»C0?»2 3 4Jgj*Lfco o<5^T, 
(B) (C^i-J: S^lWrlE* 2 3£^tfrtuES i 3 N 4 1 

2 7 ±(w^^j/ X 5SS l5nm^)TiN^6 
^5^y7l24 *5£ tflfS 6 0 0 nm(7)Cui25^ 

[0 0 7 0] *^T% mT*£ LfcH 1 y v-^ig 

t^SS 5 ^^^ 5 tCg] 1 3 <D (B) C^tSfi2 1^iS? 

tESrn-7 ? /i' • ^^ttKiSnW ; SUBA8 0 0^6 

ftSIfi^y K2C 3 0 0 g/cm 2 oo^JDfi 

!E# — — ^/n*5J:tf*/v^ SSr-tix^ixl 00p 

3^620ml /^^TME^^y K 2 
KflM&L"CtfTESlR2 1 «C*Sf»LfcC ui2 5*3ct^ 
y T®2 4£fftES i 3 N 4 §2 7 60S® ^Sffi-T S * 

o. o 4 /i moov-y #i»*8i*%*^tr*E*a*e>/j; $0 
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19. Mi'j&xr 5 y sifki «c»Lxian£^b**3& s 1 3 
mew*'** Kic x %mmtif<D#}) isi/ym&i>*m 1 7 

H^^Lfc 0 Z(Dtitb, Ml 3<D (B) C^tfltt^C 

af5fcW(-#y v/y^sn, s ^esau/c^y m 2 4 

[0 0 7 1] t£>feS, U 1 3 (C) K^-TJ: 9 tcfl 
15* 2 3rt^*ir/<y 712 4^l8flFt5i*i:, flu 12 
'<}) Til 2 4-(Mf fc*XfcfflEJ*2 3K*(lES i 3 N 4 HI 

2 7 Si^I-ftife^C ugfi^ll 2 6 n 

m^y K2^tf>jDfi*AIBfcU ^o-^>f-7>l *5 
J:(J«*;^ 5©iae<atf±LfcSlw:|o^-(\ mifSC uBB 

[0072] ^n, SME^y #tt^ftffi«i&efc lt 
^ tf 9F*« &m ^ fc # y i/ >- ^isii *s ^ x hues ntt 

8*li*Iflis«ftti*!l '>y^ttttt5S i 3 N 
4 HI 2 7"C?Kfi!cS*xTt^Sfc», fltE^s/^s/^ICg. 

teigtHm * #r ^ 1 w ffi^fls *: « * ^ f*^a * Mig 

[0 0 7 3 ] Hlffiffl 3 

£i\ HI 14.60 (A) fc^-f J: 5 CSiCi^L^^y 

1 iccvDftcj: «9 mm&mmt it©«ii«s 1 

0 0 0 n mc^S i 3 N 4 R2 7 Sr*taLfcft, MISS i 

3 n 4 m2 7\z-7 * v^y^> ?&ffi\cx "9sa^ii(^ts 

^ZXm&ftlrzmZ 5 0 0 n m^a»<0»2 3 £r?B 
Sit, o<5^T, Ell 4(0 (B) X 0 fCfluE?S 

2 3 ^^MES i 3 N 4 A12 7±^^^y 
9f$ 6 0 0 n m(OC u!25 ^itflto 

[0 0 7 4] fr^X\ WiSLfcH 1 ^^i"#y v^*l£ 
B©Sffi*/U^5 {^H 1 4 (50 (B) (C^-rSffi2 1^ib? 
$(CLTSSU, mrE^/u^5^^f¥$ft4icJ:i9HfrE« 
tE*p— r/v- - 3/^l±MiS« R p^. ; SUBASOO^b 
46Ii^y K2l;4 0 0 g/cm 2 ^^DM^t^-^Ls mf 
E^ — >-^-^Vu 1 is XTffrfr? 5 Sr^rix^ix 1 0 0 P 

20ml /^^I«fiEil^y K2 
KtJM&LTtfrESfi2 1 C«lfcCul2 5^mlES 
13 N 4 II 2 7 (^Sl^gffl.t 5 ^ tIS I /Co 

x\ mmwmmtLXT* ;mmo. 9mm%. 
?m2 2. omm%texrf7kwtit$ v 3. 7ss% 

iiB*fc7k**S*tl 2 4 Xh6 pHlO. 5 <D ^tO^rffll/N 
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%wmi%<D#}) ~>>?mm&m 2 2 0 n m/#xsaiB* 

fc<£, 814(0 (B) {-TF-ra^COC uB!2 5 f^HfJfE^ 
[0 0 7 5 ] -ttog*, El 1 4 <£> .(C) H^tJ: 0 \zw] 

mm 2 3^{ctfjiEs i 3 n 4 m2 utmtm-^^ 

ISB^*/^ 5fc<fc5ffiE»F»'«:y K 2— OTflnKSrlWBfe 
LfctSlCfc^X, WEC uiB«S® 2 6 ^fttllEftFBg^iljg 

tt $ ix x h * y *f- > ^ a* it ft -r 5 w t a* /£ * * o o 

[0 0 7 6 } £6K, ffiEffifc&^CuEilfcJf 2 6J&SJK 

^yrtt<ofltixfcs i 3 n 4 a*fc*5 0 cu 

3>M2 Htf'lH*2 3f*) 

S^DT i NC0J: 5&'<y 7lti^L^< t ts AGEf ^ 

[0 0 7 7 ] 4 

*1\ Ell SCO (A) tC^-TJ; 5 (C^®tCn + MfeikS 

3 i«^if :p i>u ^y.ifi3 2±i:cvDtti: 

«fc 0* 1 SFflffi^fllt LT^W^tfBES 1 0 0 0 n m<D 

sio 2 i3 3*i6srtfcSx strreteft^/s 3 i (c^jcs-r 

-5ffllES i 0 2 B|3 3 I;:?* h^y^V^atfft-J: 9 tr 
4 SrJgjjfcLfco o-3^X> g| 1 5 <Q (B) (C 

^-f <t i (cflij3Et'T^-^3 4 ^-grt^mifes i o 2 JH3 

3±(;^^-7^1fia 9J¥$ 2 0 nm©T i N^Pj* 
1100nm©Cu«36 S:*flLfc<, 

[0 0 7 8 ] &^x, ffiflSLfcH i {ZTft-ttf}} i/yym 
mnfo^y 5\cmi 5<d (b) tc^-rsis 3 2£ig£i;i 

LTS^L, «TE*^^5^)3£«F«l4{rj; D«TESS«: 
p-^/W • ^j/ ?t±m\%&% ; SUBA8 0 0^b45 
SFfg^y F2[: 3 0 0 g/cm 2 (DlwmZ^jt, fWE^ 
->f-7"^ 1 £ XXJ^^/^y 5 Sr^rft^X lOOppm 
£>3Sfi TI^ KS*f;£lR] K 0(E * # 5> , 5FI&i£ * fit 
ftf 3^6 2 0ml /»<oaS"T?WE8FMf^s/ K 2 tcflt ^ 
*&LXH5fESl£3 2(ci£^LfcC ufl!3 6fcctt>^>y T 

S3 5 £mrf£s i o 2 fii 3 3 <Dmm&ntti~t mvotm 

Lfc c ::t\ WESFBiKi lxts /RRo. 211 

%, SSffc** 2 0. 0fi*%*JJ:t/5jz*&eS0. 04 
M mtDv-y 1 0Sfi%£^frM7k/p6^ x It 

iij^xr * / mm 1 (^*rLxiflK<t***s 1 o ox**>s 

K(C <fc 6SF^3#^^Ky 7 0 nm/# 

^S»ft^tt^X+»Jc*#/jjiy^^^a*!i«:*U- 50 
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fc 0 ZCQfztb, 0 15tf) (B) C^ta^Cul3 6 

Hi5(0 (c) ic^-TJ; 5 fwffEtrr^— /v3 4fi 
co^tc^ y 7g 3 5 tfstfiF-t-s mjfa/>yr/i3 
5 xa^^fcflfrEtrr^— 3 4 rtias io 2 i3 3 

*flB£ffi— ftC u a>e>&5 f77 ^ /u 3 7 j&sjgjsa^ix 
fc„ fltTEsKy ->^^iS1t^>*^y 5 ^ i^WEBF 

3 7 *sflfrE5F*ffi^«* S JtX t a y f-^jfifimn 
t5:iWofc, o<5V^X, mjEt:'~r^^/U3 7(7) 

ffM^^Sffi^^y o >-#^0 . 0 0 2 %(7)i§#^-y" v?k 

3^1ilSltMlfcS, 7'7»M5%W* 

7^****^9^W**LX«a-*-*ciJcJ: 9 s i 

0 2 113 3^^4:?S#{bLfc 0 
[0 0 7 9] 11 6^ (D) tw^-f X b (CHifE 

t'T^-Y^3 7*-&tfH(rES i0 2 fll3 3l{:CVDS 
MJ: 9$R2jRRaifittlR& LX<0«^.ffff$ 8 0 0 nmCO 
S i 3 N 4 HS3 8 ^±S»Ufc^, ilES i 3 N 4 AI3 8 

tt§i$ 4 0 0 nm«^3 94Mlt 

tC, iJEe77^;V3 7±^{Cfeg-r^mlE*3 9 tC 7 

fc 0 o<5^X. 13 1 6cD (E) ic^-f J: 9 {CHuEf»3 9 
*3«ttf^yu- *-/U4 O^^atrMES i 3 N 4 II 3 8 ± 
lw^^y^SS»(Cct 5 J¥^ 9 0 0 nm<OC ul4 1 ^iS 

[0 0 8 0 ] ft^X-, mr^L^H 1 (w^-TTKy 
BOS1E^/u^5 (wll 1 6 <D (E) f:7FtSft3 2^@ 
^[:Ltffi^t, ME*^^5^S#dfc4lcJ: ^SffES 
fiSrp-f/i' • ^'>^aj!ffip°p4 ; SUBA 8 0 0^^ 
ftSUfi^s' F2i: 3 0 0 g/cm 2 oO^jpS^r-^^. mJ 
E^-^-t 1 -^^ l *3 J:u5^/w^5 Sr-ttt^fn loop 

st^Mt 3^e» 20m l /fr<nm&xmmwm^y 

K2 [:MlXfifElfi3 2 KJfcSLfcC u!4 1 
ES i 3 N 4 fig 3 8C0Sffid s Kttii"6*XWS t^: 0 t 
60^*. 0 16(73 (E) l:^ti!!i«©C ui4 1 li»IH 

5 ft a: ^/ f-^rx ^ ^ J: 9 El 1 6 (F) ^^i"J: 5 f-Sfr 
Effi 3 9 rttr^TES i 3 N 4 R3 8^S t ®-ftS40^ 
^CuidSl4 2^ff^$iif Co fp]0#(r, «TE^/^-* 

-/mo SriiLXWECT^ >r /U3 7 tMS^Sl* 
i^^C ugB^Jl4 2mif&£iitz 0 ^fts ttifS^yv-V 
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[ 0 0 8 1 ] LWot, H*«4JC«tfttflBl , 12 
OJimftS*(K3 3, 3 9Sr*TL/W8ESBlJiPfli(6JftlR3 

3 l:^^Siii-ftt'77<f;u3 7^ffM£*U fg 2 
SPfl*6»IIi3 9"(Ct<0«Iti-4CuBil4 2#Jg 

[ 0 0 8 2 ] 

uifcttC u^iOiWlSCjS^tC u , C u 
[ 0 0 8 3 ] *38Wt-J:ixff^**ate±WjftR 

t fi C u ^ & b * 5 ffl* a *iBi»» «: ffitB«Sft«« BB 

[0 0 8 4 ] #38Wfc<fc;h,ff¥*frStt±©lft 
SHU fit *3 J: t>V * fc « M P ^ £ TfM L , fltr!BJft»l»± 

[Hffi<olK¥ttK9n 50 
[12 1 l-*38M«5W*xa^ttfflSix5#y y>^gg 
£^i-«§0 o 

[H2] 0. i*fi*%oTS aKfbzMtfccfco 5 
7K * >e> ft £ m fiK w e fig & *t 5 a % f 1 7k * * t * © 

■3lB#<^c uflgtDTKy i/V^iSft t^HffSr^-rWttHo 

[13] m&z^-tzcumzT * ymm, mm?Km 
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[0 4] *3BWwW««-^jR*«*3ctt^gi;lS«i 

[15] 0. 9ii%wr^yKfe «ttffc***3J:tf 
*^ b 4 s a* w w«« ^ »t 5 a*fb** o * t * <o 

[13 6] T ^ KSjftge, igStfb7K^^oJ:U ? 7K^^ft^^I^ 

[HI 7 ] #389!<DWJBtt0> p'HiCu i$ffi(:4filc £ ix 
SftfbS^ffS^bSr^-t-WttEla 

[08] *»W<0||*«l^i3»t6*»ft:ft««)»5tX 
S&^-f-Wffi[g] 0 
[0 9] Itltffll 1 ^WMfMfa (lyf^^Ig) T'(7) 

P H«<b*^-r».ttiao 

[010] HJfiffll 1 <OW*«ia (iyf^^Il) x- 
OW**Wffi«£{b£^i-4*ttEIo 

[011] UlteW 1 ^SFS*flf^ y v 9 IS) T- 
^^->^-^/U(DigSb^-^^^EES{b*^i"i|#tt 
0 Q 

[0 12] #3SWcd3IJ60Ji KfcttSCuEiRJi^riftB 

!y»MS^c uE*H*iB©XPS^tlri:«t <9 {Hix 

[0 13] **W«)SMS«2j3»t****S611<o»ax 

[0 14] *38W<o||«W3iolt6^ati5*:3S«<0»iSX 

[0 15] *38W^*te«4*3«t5^*f*:Si«^»igX 

[0 16] *38W^H*W4i3*t5*#*3S«^»ax 
^^^^KfrE0o 

1 ■■■*->7 L -;//K 2"WyK, 3 5 
-^/l/^ 11, 2 1, 3 2-y^ySfi, 12, 2 
5, 3 6, 4 1-CuBS, 1 3-8<blv 2 2, 3 3 - 
S i 0 2 B, 2 3 , 3 9-1, 2 4, 3 5 - /^71, 

2 6, 4 2 - CuEils 3 7-t77^/K 
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